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SUMMARY 
The Lewis-APL M u l t i v a r i a b l e  C o n t r o l  (MVC) p rogram has  demons t r a t ed  tha t  
MVC d e s i g n  t e c h n i q u e s  are a p p l i c a b l e  t o  e n g i n e  c o n t r o l  a l g o r i t h m  d e s i g n .  MVC 
h a s  a l s o  b e e n  a p p l i e d  t o  o t h e r  a i r c r a f t  s y s t e m s ,  f l i g h t  c o n t r o l  a n d  f u n c t i o n s ,  
and  energy  management.   The  next  major  step i s  t o  c o n s i d e r  t h e  g l o b a l  p r o b l e m  - 
m u l t i v a r i a b l e   d e s i g n  of t h e   e n t i r e   a i r p l a n e   c o n t r o l   s y s t e m .  An i n t e r m e d i a t e  
s t e p  i n  t h a t  d i r e c t i o n  i s  t o  d e s i g n  a con t ro l  fo r  an  in l e t - eng ine -augmen to r  
system by u s i n g  MVC t e c h n i q u e s .  Two v a l u a b l e  o p p o r t u n i t i e s  t o  do t h i s  a n d  t o  
e x e r c i s e  t h e  r e s u l t s  e x p e r i m e n t a l l y  a r e  a v a i l a b l e  i n  t h e  n e a r  f u t u r e .  
The  Supersonic   Cruise   Research (SCR) l a rge - sca l e - in l e t  r e sea rch  p rogram 
w i l l  p r o v i d e  a n  i n t e r e s t i n g  o p p o r t u n i t y  t o  d e v e l o p ,  i n t e g r a t e ,  a n d  w i n d  t u n n e l  
test a c o n t r o l  f o r  a mixed-compress ion  in le t  and  var iab le-cyc le  engine  (VCE). 
The In t eg ra t ed  P ropu l s ion  Ai r f r ame  Con t ro l  (IPAC) program w i l l  i n t r o d u c e  t h e  
problem of implementing MVC w i t h i n  a d i s t r i b u t e d  p r o c e s s i n g  a v i o n i c s  a r c h i t e c -  
t u r e ,  r e q u i r i n g  real-time decomposition of t h e  global des ign  in to  independen t  
modules   in   response   to   hardware-communica t ion   fa i lures .  A s  IPAC progresses   be-  
yond m u l t i v a r i a b l e  d e s i g n  o f  t h e  p r o p u l s i o n  s y s t e m ,  i t  w i l l  p r o v i d e  a real- 
wor ld   envi ronment   in   which   to   address   more   bas ic   ques t ions :   Should  w e  a t t e m p t  
g l o b a l   c o n t r o l   d e s i g n ?  Is i t  p r a c t i c a l   o r   d e s i r a b l e ?  What i s  t h e   r e q u i r e d  
methodology? 
DISCUSSION 
The Lewis-APL MVC p rogram,  f igu re  1, demonst ra ted  tha t  for  an  advanced  en-  
g i n e ,  P&WA F 1 0 0 ,  m u l t i v a r i a b l e  c o n t r o l  t e c h n i q u e s  c a n  b e  u s e d  v i g o r o u s l y  t o  d e -  
s ign   an   eng ine   con t ro l   sys t em.  The q u a l i t y  o f  t h e  r e s u l t i n g  s y s t e m  was demon- 
s t r a t e d  by i t s  test i n  t h e  a l t i t u d e  c e l l  a t  L e w i s .  Program  documentation 
p r o v i d e s  a b a s i s  f o r  u n d e r t a k i n g  more  complex  mul t iva r i ab le  des ign  too l s .  
C u r r e n t  a i r p l a n e  c o n t r o l  s y s t e m s  are d e s i g n e d ,  f i g u r e  2 ,  w i t h  a minimum of 
i n t e r a c t i o n  a n d  i n t e g r a t i o n ,  p a r t i a l l y  b e c a u s e  o f  a h i s t o r i c a l  l a c k  of communi- 
c a t i o n s  a b i l i t y  a n d  p a r t i a l l y  b e c a u s e  o f  a c o n c e r n  o v e r  f a i l u r e  p r o p a g a t i o n  
th rough   i n t eg ra t ed   subsys t ems .   Lack   o f   i n t eg ra t ion   pena l i zes   t he   des ign   o f  
a i r p l a n e s  w i t h  s t r o n g  a e r o d y n a m i c - p r o p u l s i o n  c o u p l i n g  - SST and V/STOL, f o r  ex- 
ample. New technology  and   research   programs,   f igure  3 ,  p r o v i d e   t h e   o p p o r t u n i t y  
t o  d e s i g n  a h i g h l y  i n t e g r a t e d  a i r p l a n e  c o n t r o l  s y s t e m .  I d e a l l y ,  t h i s  new 
"global"  system w i l . 1  have  f ewer  ac tua t ion  and  senso r  componen t s  and  supe r io r  
p e r f o r m a n c e   a n d   f a u l t   o l e r a n c e .  
https://ntrs.nasa.gov/search.jsp?R=19810003587 2020-03-21T16:23:42+00:00Z
S u b s t a n t i a l  e f f o r t  is r e q u i r e d  t o  r e d u c e  t h e  g l o b a l  d e s i g n  c o n c e p t  t o  
p r a c t i c e .   B e c a u s e   t h e   d e s i g n   p r o c e s s  i s  conf igu ra t ion   dependen t ,  a s p e c i f i c  
a i r p l a n e  m u s t  b e  a d d r e s s e d .  To e n s u r e  t h a t  t h e  d e s i g n  a n d  t h e  t e s t i n g  of t h e  
d e s i g n  t r u l y  d e m o n s t r a t e  r e d u c t i o n  t o  p r a c t i c e ,  t h e  s e l e c t e d  a i r p l a n e  o r  p r o -  
p u l s i o n  s y s t e m  s h o u l d  b e  r e a l i z a b l e  a n d  e v e n t u a l l y  b e  t e s t e d  i n  t h e  w i n d  t u n -  
n e l  o r  p r e f e r a b l y  i n  f l i g h t .  Two planned NASA programs, IPAC a n d  t h e  SCR 
i n l e t  c o n t r o l  p r o g r a m ,  p r o v i d e  a p p r o p r i a t e  o p p o r t u n i t i e s  t o  a d d r e s s  t h e  real- 
wor ld  p rob lems ,  f i gu re  4 ,  of  g loba l  des ign .  
The NASA L e w i s  SCR in l e t  con t ro l  p rog ram encompasses  the  des ign ,  deve lop -  
ment ,  and  tes t ing  of  a s u p e r s o n i c  p r o p u l s i o n  s y s t e m  t h a t  i n c o r p o r a t e s  a mixed- 
compress ion   i n l e t   and  a va r i ab le -cyc le   eng ine .   The   sys t em  in t e rac t ions  among 
the  components  and  wi th  the  envi ronment ,  f igure  5 ,  are c o m p l e x ;  t h e  t y p i c a l  
p r o p u l s i o n  c o n t r o l  s y s t e m  w i l l  h a v e  s i x  o r  more a c t u a t e d  v a r i a b l e s  a n d  10 o r  
more   s ensed   va r i ab le s .   Thus ,   t he   sys t em  r ep resen t s   an   appropr i a t e   example  on 
which t o  e x e r c i s e  m u l t i v a r i a b l e  c o n t r o l  t e c h n o l o g y .  The  program  schedule ,   f ig-  
u r e  6 ,  c u r r e n t l y  ca l l s  f o r  a r e l a t ive ly  long  des ign  and  deve lopmen t  cyc le  
l e a d i n g  t o  c losed- loop  wind t u n n e l  t e s t i n g  i n  1 9 8 3  a n d  a f l i g h t  i n l e t  d e s i g n  i n  
1985. 
The NASA DFRC IPAC program,  f igure  7 ,  is i n t e n d e d  t o  d e m o n s t r a t e  t h e  
methodology and  benef i t  of i n t e g r a t e d  f l i g h t  a n d  p r o p u l s i o n  c o n t r o l s  o n  a high- 
p e r f o r m a n c e   a i r c r a f t   h a v i n g   v a r i a b l e - g e o m e t r y   e x t e r n a l   c o m p r e s s i o n   i n l e t s .  I t  
i s  a m u l t i f a c e t e d  p r o g r a m  t h a t  p r o v i d e s  t h e  o p p o r t u n i t y  t o  tes t  m u l t i v a r i a b l e  
con t ro l  a lgo r i thms ,  advanced  eng ine  con t ro l  ha rdware  (FADEC), and  da ta  bus  in-  
t e g r a t i o n  of a v i o n i c s  a n d  c o n t r o l  s y s t e m s .  
The e l emen t s  o f  t he  IPAC s y s t e m ,  f i g u r e  8 ,  communicate v i a  a MIL 1553 da ta  
b u s  t h a t  p r o v i d e s  o r d e r s  of  magni tude  grea te r  communica t ion  poten t ia l  than  ever  
b e f o r e   a v a i l a b l e .   C o n t r o l   s y s t e m   s o f t w a r e  w i l l  b e  s t r u c t u r e d  t o  p e r m i t  r a p i d  
s y s t e m  a d a p t i o n  i n  o r d e r  t o  t a k e  a d v a n t a g e  o f  c o n t r o l  s y s t e m  c o n c e p t s  i d e n t i -  
f i e d  d u r i n g  f l i g h t  t e s t i n g  a n d  t o  i m p l e m e n t  new r e s e a r c h  t a s k s  a s  t h e y  a r e  
i d e n t i f i e d .  
M u l t i v a r i a b l e  c o n t r o l  t e c h n o l o g y  h a s  b e e n  a p p l i e d  t o  many a s p e c t s  o f  t h e  
f l i g h t   c o n t r o l   p r o b l e m ,   u s u a l l y  as o n e   d e s i g n   t o o l  among many, f i g u r e   9 .  Typ- 
i c a l l y ,  t h e  e n g i n e  r e s p o n s e  h a s  b e e n  h i g h l y  s i m p l i f i e d  o r  n e g l e c t e d  c o m p l e t e l y .  
This  approach  i s  a c c e p t a b l e  f o r  a c o n v e n t i o n a l  a i r p l a n e ,  f i g u r e  10,  i n  w h i c h  
e a c h  c o n t r o l  a f f e c t s  o n e  p r i n c i p a l  a x i s  a n d  c o u p l i n g  i s  de l ibe ra t e ly  min imized .  
I n  a d v a n c e d  a i r c r a f t ,  f i g u r e  11, f r e q u e n t l y  t h i s  i s  n o t  e c o n o m i c a l l y  p r a c t i c a l  
a n d  t h e  a c t i v e  c o n t r o l  s y s t e m  m u s t  p r o v i d e  t h e  s o l u t i o n .  I n  b o t h  r e s e a r c h  a n d  
p rac t i ce   l imi t ed   so lu t ions   have   been   p rov ided .   Each  starts f r o m   a n   e x i s t i n g  
l i m i t e d  b a s e  a n d  f a i l s  t o  i n c o r p o r a t e  a l l  t h e  a v a i l a b l e  t e c h n o l o g i e s  i n t o  a 
top-down design  methodology.  The IPCS p rogram,   f i gu re  1 2 ,  d e m o n s t r a t e d   f u l l -  
a u t h o r i t y  d i g i t a l  p r o p u l s i o n  s y s t e m  c o n t r o l  b u t  o n l y  d e m o n s t r a t e d  i n  a v e r y  
l i m i t e d  way t h e  p o t e n t i a l  f o r  d i r e c t  e l e c t r o n i c  i n t e g r a t i o n  of t h e  a u t o p i l o t  
and   eng ine   con t ro l .   The   con junc t ion  of m u l t i v a r i a b l e   c o n t r o l   a l g o r i t h m   d e v e l -  
opment  wi th  the  rea l i t i es  of ha rdware  imp lemen ta t ion ,  f i gu re  13 ,  mus t  a l so  be  
c o n s i d e r e d   i f  a s u c c e s s f u l  f a u l t - t o l e r a n t  d e s i g n  is t o  b e  c r e a t e d .  The t y p i c a l  
advanced  con t ro l  w i l l  probably have only 30 percent  of  i ts f u n c t i o n s  d i r e c t l y  
a s s o c i a t e d   w i t h   c o n t r o l .  The remainder w i l l  b e  r e l a t e d   t o   c o m m u n i c a t i o n ,   f a u l t  
to le rance ,  main tenance  (BIT) ,  and  propuls ion  sys tem condi t ion  moni tor ing .  
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I f  t h e  b e n e f i t s  of m u l t i v a r i a b l e  c o n t r o l  r e s e a r c h  are t o  b e  a c h i e v e d  a n d  
demons t r a t ed ,  an  in t eg ra t ed  cohes ive  r e sea rch  p rogram,  f igu re  1 4 ,  supported by 
NASA a n d  t h e  DOD a g e n c i e s  is an  absolu te  must .  The  problem of  g loba l  des ign  
canno t  be  success fu l ly  approached  on  a p i ecemea l  bas i s .  
T h e  p r o b l e m s  a s s o c i a t e d  w i t h  g l o b a l  c o n t r o l  d e s i g n ,  f i g u r e  15, are b o t h  
t e c h n i c a l  a n d  m a n a g e r i a l .  T h e  t e c h n i c a l  areas are g e n e r a l l y  r e s o l v a b l e  i f  s u f -  
f i c i e n t  t i m e  a n d  e f f o r t  are appl ied.   The  major   managerial   problem is  t h a t  t h e  
real r eward  o f  i n t eg ra t ion  does  no t  l i e  in  s imple  per formance  inprovement ,  
a n o t h e r  5000 f e e t  of a l t i t u d e ,   f o r   e x a m p l e .  It l ies  i n  r e l i a b i l i t y ,  m a i n t a i n a -  
b i l i t y ,  p i l o t  workload  and s k i l l  level,  and  o the r  t h ings  wh ich  are r e l a t i v e l y  
i n t a n g i b l e .  Thus a con t ro l   eng inee r   conce rned   w i th   i np rov ing   t he   p roduc t   f r e -  
q u e n t l y  f i n d s  i t  d i f f i c u l t  t o  o b t a i n  t h e  n e c e s s a r y  r e s o u r c e s .  O r g a n i z a t i o n a l  
b a r r i e r s  a l s o  p r e s e n t  a real  b u t  s o l v a b l e  p r o b l e m  t o  g l o b a l  c o n t r o l  s y s t e m  
d e s i g n .  
A major  payof f  f rom mul t iva r i ab le  con t ro l  des ign  i s  t h e  e l e g a n c e  o f  t h e  
r e s u l t i n g   d e s i g n ,   f i g u r e  16. The s t r u c t u r e  i s  clear a n d ,   t o  a degree ,  common 
f rom  des ign   t o   des ign .  Component requi rements  are c l e a r l y   d e v e l o p e d  as p a r t   o f  
t he  des ign  p rocess ,  and  s t anda rd ized  a rch i t ec tu ra l  e l emen t s  sho l l ld  l ead  to  
s tandard  hardware  and  sof tware  modules ,  thus  reducing  des ign  cos t  and  enhancing  
r e l i a b i l i t y .  
CONCLUSIONS 
The  groundwork,  f igure 1 7 ,  f o r  g l o b a l  c o n t r o l  d e s i g n  i s  provided  by a 
p r i o r   r e s e a r c h   p r o g r a m .   T h e   n e e d   f o r  i t  e x i s t s  t h r o u g h  t h e  e f f o r t s  o f  ad- 
vanced   a i r f r ame   and   eng ine   cyc le   des igne r s .  A research   program i s  r e q u i r e d  t o  
c a r r y  o u t  t h e  d e s i g n  o f  t h e  g l o b a l  c o n t r o l  f o r  a complex engine-airplane sys- 
t e m  a n d  t o  f l i g h t  test t h e  r e s u l t i n g  s y s t e m  i n  o r d e r  t o  c l e a r l y  d e m o n s t r a t e  t h e  
u t i l i t y  of t h e  e x i s t i n g  t e c h n o l o g i e s  i n  a d d r e s s i n g  t h e  p r o b l e m  of i n t e g r a t e d  
c o n t r o l  s y s t e m  d e s i g n .  
73 
FlOO MULTIVARIABLE  CONTROL 
0 ENGINE  ONLY 
0 TESTED IN ALTITUDE CELL 
0 WELL  DOCUMENTED 
0 CLEARLY DEMONSTRATES UTILITY OF MVC 
F i g u r e  1 
CURRENT  AIRPLANE 
CONTROL SYSTEM, DESIGN 
DISPLAY SYSTEM 
I 4 SYSTEM GUIDANCE/NAVIGATION 
I 
FIRE  CONTROL 
SYSTEM 
AVIONICS  SYSTEM - 
F i g u r e  2 
74 
NEW TECHNOLOGY GLOBAL  CONTROL SYSTEM DESIGN 
MULTIVARIABLE CONTROL ) 
ll PROCESSORS t. / 
CADICAM 
HOLS 
RESEARCH PROGRAMS ACTUATOR DISPLAY 
ARRAY SYSTEM 
FlOO MVC 
FPCCICCP 
IPAC 
F i g u r e  3 
MVC EXTENSION TO PROPULSION SYSTEMS 
0 CANDIDATE SYSTEM REQUIREMENTS 
0 REAL 
0 SIGNIFICANT INLETIENGINE/AUGMENTOR INTERACTION 
0 FULL SCALE TEST PROGRAM PLANNED 
0 POSSIBLE  SYSTEMS 
0 INTEGRATED PROPULSION AIRFRAME  CONTROL  (IPAC) 
0 SUPERSONIC CRUISE RESEARCH (SCRI INLET  CONTROL  PROGRAM 
ADDRESS REAL WORLD PROBLEMS 
SENSOR LOCATION 
0 AVIONICS  ARCHITECTURE 
0 RELIABILITY 
0 REDUNDANCY 
FAULT TOLERANCE 
0 DISTRIBUTED SYSTEMS 
AIRFRAME  INTERACTION 
F i g u r e  4 
75 
V X E  PROPULSION  SYSTEM  INTERACTIONS 
Figure 5 
SCR SUPERSONIC  PROPULSION SYSTEM CONTROLS RESEARCH 
SYSTEM 
MIXED COMPRESSION INLET 
0 VARIABLE CYCLE ENGINE 
AIRFRAME AERODYNAMIC COUPLING 
SST CONTROLS CHARACTERISTICS 
HIGH BAND PASS INLET  ACTUATION 
AD HOC FCS PROPULSION INTERFACE 
MODERN CONTROL PAYOFF 
0 REDUCED ACTUATION REOUIREMENTS 
IMPROVED SENSOR SELECTION 
0 ACHIEVE REDUNDANCY THROUGH 
MULTIVARIABLE ANALYSIS OF AERO 
COUPLING 
INLLTCDNTROL  SYSTfMOESlGNDEVfLO~MfNT [NGINE/INLET YNTROL  INTfGRATION 
r 
OfSlGNllUlLOVARIABLf  OIAYfTER 0 CLOSE0 
T R 4 N I U T I N G  CENTERIODV  INLETS 
1 
INTEGRATE0 ENGINE! 
INLET TEST 
INSTALLATION 
I 1084 I 1W6 I 
F igure  6 
76 
INTEGRATED PROPULSION. AIRFRAME CONTROL IIPAC) 
moonu PARTICIPANTS DEVELOP A FLEXIBLE RESEARCH FACILITY WITH INTEQRATED 
N M A D F R C  
ENGINE.  INLET  AND  FLIQHT CONTROLS 
0 NASALERC 0 DEVELOP CONTROL LAWS TO 
U U F A P L  . I l L I C  ED1 0 IMPROVE PERFORMANCE 0 REDUCE FUEL CONSUWTION 
0 N A W N A K :  
- ". .._ 
0 INCREASE MANEUVERABILITY 
0 REDUCE LIFE CYCLE COSTS 
0 PROVIDE CONTROL TECHNOLOQY FOR FUTURE 
PHRIC Ib  - LmRC I 
rm(a)  - 
rRoLc(wc)  
ILWH. IL ,  MI DLVLLOP IOTTYRIIL nslwa -. r n c l L m  TLST / - mowy m u m c  
/ 
nm 
CLLCTROWICS 
WAC PROPULSION 
CONTROL SYSTEM "-""""""" """_ ""_ 4 """ 
A 
H 
# q F ;  
I 
\ 
\ - 
L I  I \ \ 
+ 
n.n. n.. 1 
'. 
- -" 
IPAC M I L .  1553 BUS PROVIDES  COMMUNICATION FOR CONTROL INTEGRATION 
CONTROL 
I I I 
MIL.  1553 DATA BUS 
I" 
I 1 I I 
CONTROL. CONFIGURED VEHICLE RESEARCH 
Figure 8 
7 7  
MULTIVARIABLE CONTROL  TECHNOLOGY IS WIDELY APPLIED IN FLIGHT CONTROLS 
0 OVERALL DESIGN TOOL 
SYSTEM IDENTIFICATION 
STATE  REDUCTION 
CONTROL  DECOUPLING 
SENSOR SELECTION 
MODE OPTIMIZATION 
SAMPLING  EFFECTS 
- DIRECT DIGITAL 
- CONTINUOUS TRANSLATED 
0 APPLICATIONS 
F - Bc NASA (LRC 1 DFRC ) DFBW 
DASTII 
L.  1011 
757 
767 
E -  1, B - 52 OPTIMAL TERRAIN FOLLOWING 
ALL APPLICATIONS HAVE  MINIMUM TREATMENT OF PROPULSION SYSTEM 
- PILOT SELECTED THRUST 
- THRUST IS A SIMPLE LAG ON PLA 
F i g u r e  9 
CONTROL ~ CONFIGURED VEHICLE RESEARCH 
CONVENTIONAL APPROACH . DECOUPLED DESIGN 
PITCH ROLL THRUST 
0 CONTROL.CONFIGURED VEHICLE RESEARCH 
IMPROVED HANDLING QUALITIES (NUMEROUS) 
FLIGHT ENVELOPE LIMITING  (F. 101, F - 1031 
REDUCED STATIC STABILITY (C - SA. F.  4. YF - 181 
GUSTACCELERATlONREDUCTlDN~B62 ,XB-70 .B- l .C -6A.YF-~2~  
0 MANEUVER LOAD CONTROL IMLC) 
FIGHTER TYPE - MINIMUM  DRAG  DURING MANEUVERS IF.  4, YF  .16) 
TRANSPORT TYPE - MINIMUM STRUCTURAL FATIGUE (8-62. C-6AI 
ACTIVE CONTROL OF STRUCTURAL MODES (8-62, YF-12) 
PROPULSION /DIRECTIONAL CONTROL MODES (YF-121 
AUTOMATIC TERRAIN FOLLOWING 1B-1, B-62, F-1111 
ADVANCED FIGHTER TECHNOLWY INTEQRATION (AFT11 IF-111) 
F i g u r e  10 
78 
ADVANCED  AIRPLANE RESEARCH 
ADVANCED AIRPLANE CONFIGURATIONS 
13 DOF CONTROL 
HIGH DEGREE OF PROPULSION I AIRFRAME COUPLING 
DESIGNS DRIVEN BY ECM CONSIDERATIONS 
SUPPORTED BY ADVANCED  CONTROL  MODE STUDIES 
MnlW 
FPCCICCP q 
W A F   F D L  
METHODOLOOY 
MULTIVARIbBLE  DESIGN . EXlSllNO ENGINE CONTROL 
MULTIMODE 
AFT1 111 
* AD HOC DESION 
. USAF FOL 
. NOVEL ENGINE CONTROL 
MULTIPROCESSOR I HYBRID 
ARCHITECTURE 
TREATS  FAILURE  AN0 
MAINTENANCE 
* PROPVLSION SUBSISTEM 
I IF PLA  DUAL MODE OP 
Figure 11 
INTEGRATED PROPULSION CONTROL SYSTEM I I P C S I  
0 PARTICIPANTS 
USAF APL 
NASA LERC 
NASADFRC 
0 PROGRAM FEATURES 
METHODOLOGY 
FULL-AUTHORITY IPCS HARDWARE DEVELOPMENT 
A D  HOC IPCS CONTROL  MODE  DESIGN 
SYSTEM FLIGHT TEST 
SYSTEM PAYOFF 
EXPANDED  STALLFREE 
REGION 
COMPUTER MONITOR  UNIT 
MANUAL  INLET  CONTROL INCREASED CElLlNQ 
16% INCREASE IN 
SUPERSONIC DASH 
INLET  ACTUATION h 
3 
I- 
-I 
4 
k 
7% INCREASE I N  
FULL  FLIGHT ENVELOPE; 
LOWER IDLE  THRUST INSTRUMENTATION 
PACKAGE: POWER 
SUPPLY UNIT;  OlGlTAL 
COMPUTER INTERFACE 
UNIT 
EXHAUST  NOZZLE 
CONTROL SENSOR 
FASTER THROlTLE RESPONSE; 
PACKAGE;MODIFIED 
MAIN  FUEL CONTROL MACH NUMBER 
PROBE AND SENSORS 
DISTORTION 1 
SENSOR 
Figure 1 2  
7 9  
0 MULTIVARIABLE  CONTROL  THEORY  INTERACTS  WITH  SYSTEM  ARCHITECTURE 
AND EQUIPMENT  CHARACTERISTICS 
THEORY 
CONTROL 
IICRO PROCESS01 
TECHNOLOGY 
PRACTICE 
CONTROL  CONTR L 
MIL-1653 
ARlNC 428 
USAF INTERFACE 
CONTROLLER BUS 
SYSTEM  SYNTHESIS ISSUES 
L 0 B U l  rdllt .ccun 0 But typ 0 Dnipn for graaful dqrdmrion S y m m  MTBF,  MTBUA 0 TASK REALLOCATION .TASK ELIMINATION OR REDUCTION .TASK REDEFINITION  
0 MINIMUM  OPERATIONAL SOFTWARE 
0 MINIMUM SYSTEM PARTS COUNT 
F i g u r e  13 
POTENTIAL  MVC  RESEARCH  PAYOFF 
INTEGRATED CONTROLS 
TECHNOLOGYDEVELOPMENT 
f 
TECHNOLWY 
EXPERIENCE 
METHOWLOGY 
VIABLE A I R P U N E  
ODOO?ERFORMANCE 
U ON COST 
COaRDlNATEO 
RESEARCH  STUDIES 
ON SCHEDULE 
TEST  VEHICLE 
TECHNOLOGY 
I 
I 
MVC  TECHNOLOGY I I 
I 
ADVANCED 
AIR FORCE 
TECHNOLOGY 
PROBLEM AIRPIANE 
LIGHTLY COUPLED  RESEARCH POOR PERFORMANCE 
HIGHCOST 
LATE 
1979 1980 1981 1982 1983 1981 
F i g u r e  14 
80 
PROBLEMS OF  GLOBAL  APPROACH  TO  MVC 
UNDERLYING  PROBLEM 
PRESUMED  SOLUTION 
Ir? 
1957  1967  1977 
IMPLEMENTATION  PROBLEMS 
TECHNICAL 
SIZE  OF  PROBLEM 
INTERFACE  TO  STRUCTURED  PROGRAM 
AUTOMATED DESIGN EXECUTION 
GRACEFUL  DEGRADATION IN AUTOMATED  SYSTEM 
SUBSYSTEM IIF ARE  NO  LONGFR  SIMPLE 
SOLUTIONS  AND  PAYOFFS  ARE  SENSITIVE  TO  PLANT 
M V C  
BUS ARCHITECTURE 
AUTOMATED  DESIGN TOOLS 
MICRO PROCESSOR TECHNOLOGY 
MANAGEMENT 
CROSSING  STAFF  LINES 
CROSSlNG  CORPORATE  LINES 
DEFINING  ORGANIZATIONAL 
RESPONSIBILITIES 
F i g u r e  15 
MULTIVARIABLE  CONTROL  SHOULD  LEAD  TO  ELEGANT  DESIGN 
0 STRUCTURE 
STRUCTURED  IDENTIFIABLE 
ARCHITECTURE 
0 COMPUTATION  REOUIREMENTS 
IDENTIFIABLE  ITERATION 
RATE  REQUIREMENTS 
IDENTIFIABLE PRECISION 
REQUIREMENTS 
VERSUS  RANDOM  LOGIC
VERSUS  EMPIRICAL  SELECTION 
VERSUS  EMPIRICAL  SELECTION 
e HARDWARE 
STANDARD CONTROL PROCESSOR VERSUS  DIVERSE  TYPE  
AND  LANGUAGE 
F i g u r e  16 
CONCLUSIONS 
0 RESEARCH PROGRAMS HAVE PROVIDED GOOD GROUNDWORK FOR 
GLOBAL  CONTROL  DEVELOPMENT 
0 AIRPLANE DESIGNERS / ENGINE CYCLE DESIGNERS ARE IMPOSING 
A  HIGHER  LEVEL  OF  INTEGRATION 
0 A PROGRAM(S1 IS REQUIRED TO - 
SHOW BENEFITS I COSTS 
EXERCISE  AUTOMATED  DESIGN PROCESSES 
VERIFY TECHNOLOGY READINESS 
0 DEMONSTRATION OF READINESS REQUIRES REALISTIC ENVIRONMENT - 
ARCHITECTURE 
INTERFACES 
RELIABILITY 
REDUNDANCY 
Figure 17  
8 2  
